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The binding, uptake, and degradation of epidermal growth 
factor (EGF) has been studied in MRC5 human fibroblasts 
and NCTC 2544 human keratinocytes following ultraviolet 
A (UVA) irradiation at doses up to 18.9 J/cm2, which are not 
lethal to cells under our experimental conditions. A dose-
dependent reduction in EGF binding was observed, with an 
approximately 75% decrease at the maximal studied UVA 
dose. At lower doses (6 to 12 J/cm2), EGF binding was more 
affected by ultraviolet A in fibroblasts than in keratinocytes. 
In both cell types, this effect ofUV A appeared to be related to 
a reduction of the affinity of the EGF receptor for EGF. 
Kinetic studies by pulse-chase experiments indicated that 
EGF is more rapidly internalized by keratinocytes than by 
fibroblasts, and that UV A exposure resulted in a slower decay 
L ong-term exposure of the skin to ultraviolet (UV) radia-tion results in degenerative processes involved in pho-toaging and photocarcinogenesis [1,2]. Most work on the effects of UV light on cutaneous cells has been con-cerned with UVB radiation, which is well known to 
induce alterations in nucleic acid structure such as dimerization of 
pyrimidine bases [3] and breaking of DNA strands [4]. For a long 
time, UVB have been considered as the main cause of skin cancers 
[5] . However, during the last few years, an increasing number of 
studies have focused attention on the possible pathologic effects of 
UV A radiations, including photocarcinogenesis [6,7]. Recent stud-
ies on cultured cells demonstrated that UV A exposure results in 
phospholipase A and C activation [8], alterations in protein kinase C 
activity [9J, and lipid peroxidation [10,11]. We also demonstrated 
that UV A decreases the receptor-mediated processing of low-den-
sity lipoproteins in human fibroblasts [12] . In the present work, we 
have investigated the effects of UVA on epidermal growth factor 
(EGF) binding and catabolism in human fibroblasts. We report here 
that relatively low UV A doses markedly reduce EGF processing in 
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of EGF intracellular content. A 24-h pretreatment of cells 
with 5 X 10-5 M vitamin E strongly reduced the appearance 
of light-induced lipid peroxidation products, measured via 
assay of thiobarbituric acid reactive substances formation, but 
only partially prevented the UV A-induced alterations of 
EGF processing by cells. Finally, UVA exposure almost 
completely abolished the EGF-induced increase in diacyl-
glycerol production from 14C-arachidonic acid -labeled 
lipids in both cell types. These results demonstrate that UV A 
radiation induces important changes in EGF processing and 
could participate in the light-induced degenerative processes 
of the skin. Key words: ultraviolet A (UV A) /epidermal growth 
factor (EGF) /diacylglyceroljhuman fibroblasts/human keratino-
cytes. ] Invest Dermatol1 02:192-196, 1994 
both human fibroblasts and keratinocytes, leading to inhibition of 
some cellular effects of the growth factor such as phospholipase C 
activation. Such alterations in EGF metabolism in skin cells exposed 
to UV A could be involved in photodegenerative processes. 
MATERIALS AND METHODS 
Chemicals The MCR5 human fetal lung fibroblasts were purchased from 
Biomerieux (Paris, France), and the NCTC2544 human keratinocyte cell 
line [13] from Lab System (Les Ulis, France). Culture flasks and Petri dishes 
were obtained from Nunc (Denmark). Unlabeled EGF, fetal bovine serum, 
and antibiotics were provided by Gibco (Grand Island, NY). 125I-labeled 
EGF (1 354 Ci/mmol) was purchased from Amersham (Buckinghamshire, 
UK). The ([5,6,8,9,11,12,14,151'H)-arachidonic acid (204 Ci/mmol) was 
purchased from Amersham (Buckinghamshire, UK). The serum substitute 
Ultroser G was. purchased fro.m Sepracor (Villeneuve la Garenne, France) . 
All other chemIcals were obtamed from Sigma (St. Louis, MO), and were of 
the purest available grade. 
Cell Culture MRC5 human fibroblasts were cultured in Dulbecco's 
modified minimum essential medium (DMEM) supplemented with 1 % UI-
troser G, 5% fetal bovine serum, 20 mM Hepes buffer, and antibiotics 
(100 U/ml penicillin and 0.1 mglml streptomycin). Cultures were main-
tained at 37°C in a humidified atmosphere of 5% CO2 • Petri dishes were 
seeded at a density of 10' cells/cm2 , and experiments were performed on 
subconfluent cells. 
Cell Irradiation Cells were irradiated in Hanks' salts using a 365-nm 
Vilber Lourmat (Torcy, France) UVA table equipped with TF-20L tubes and 
appropriate filters [14]. A glass window (4 mm thickness) was placed 20 mm 
above the lamp to absorb the majority of short-wavelength UV light of the 
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commercial equipment (transmittance < 0.01 % at 310 nm). Samples (Petri 
dishes) were placed on the glass window and irradiated from the bottom. 
The central area of the table allowed the homogenous irradiation of 12 Petri 
dishes. An average light intensity of 3 ± 0.2 m W / cm2 was measured with 
the Vilber Lourmat UVR 365 photometer. After irradiation with UV A 
doses up to 25 J/cm2• cells were left in the dark for 1 h at 37·C. Sham-
irradiated cells were handled under similar conditions but without UV A 
exposure. 
Studies on EGF Binding, Internalization, and Degradation 
EGF Bi"di"g al 4· C: After irradiation with UVA doses up to 18.9 J/cm2, 
cells were washed twice with pH 7.4 phosphate-buffered saline (PBS) and 
incubated for 2 h at 4· C with 12sI-labeled EGF (final concentration, 7 X 
10-11 M, corresponding to 0.1 )lCi/ml) in 0.5 ml of binding medium 
(DMEM supplemented with 25 mM Hepes, 0'.1 % delipidated bovine serum 
albumin, pH 7.4) . At the end of the 1I1cubauon, cells were washed three 
times to remove unbound EGF. and the cell-associated radioactivity mea-
sured using a LKB 1275 Minigamma instrument. In some experiments. 
competition studies have been performed to determine if UV A radiations 
affected the Kd or the Bmax values of EGF binding. For this purpose, cells 
were incubated as above for 2 h at 4· C in the presence of70 pM (0.1 )lCi/ 
ml) labeled EGF and various concentrations (up to 10-7 M) of unlabeled 
growth factor. The experimental values were analyzed using the Ligand 
program described by Munson el ai (15). 
EGF Intemaiizatiotl a"d Degradation: The kinetics of EGF internalization 
and degradation were studied by pulse-chase experiments. For this purpose, 
cells (unirradiated or irradiated at a dose of 18.9 J/cm2) were preincubated at 
4·C with labeled EGF as described above. Cells were then washed three 
times to remove unbound EG F and further incubated for various times (up to 
4 h) at 37"C to allow internalization ofEGF bound to the cell surface. After 
three washes, internalized EGF was taken to be the amount of cell-
associated radioactivity following solubilization of cells in 0.5 N NaOH. 
The EGF degradation was measured in the incubation medium by addition 
of 0.25 ml of a cold trichloracetic acid solution (final concentration, 15%) 
and 0.25 ml of bovine serum albumin (final concentration, 0.25%) as a 
carrier. After centrifugation at 400 X g for 5 min, the amount of radioactiv-
ity recovered in the supernatant was measured. Results were calculated in 
fmol of EGF bound. internalized or degraded, per mg cell protein. 
TBARS Measurement and Effect of Antioxidants Peroxidation 
products [thiobarbituric acid reactive substances (TBARS)) were measured at 
the end of the l-h dark period following cell irradiation by the f1uoromctric 
method ofYagi (16). slightly modified as previously described (10). Results 
are expressed as pmol of equivalent malondialdehyde (MDA)/mg of cell 
protein. The influence of antioxidants .was studied in cells precul~red f?r 
24 h in the presence of 5 X 10-5 M vltam1l1 E and 10-3 M vltarrun C 111 
DMEM medium supplemented with 0.2 mg/ml fatty acid free serum albu-
mm. 
Effect of EGF on Diacylglycerol Production After irradiation 
(18.9 J/cm2), cells were labeled with tritiated arachidonic acid (1 )lCi/ml) 
for 2 h. EGF (10 ng/ml) was then added for 10 min at 37"C. Cells were 
washed, harvested with rubber policemen, and sonicated on ice. Diacylglyc-
erol (DAG) was separated by thin layer chromatography on F 1500 
Schleicher and Schuell silica gel plates after direct application of an aliquot of 
the cell suspension [18) using unlabeled DAG as internal standard. The spot 
corresponding to DAG was visualized by iodine vapor, excised and the 
radioactivity measured by liquid scintillation counting with a Beckman 
6000 SC counter. Results (dpm/mg cell protein) were expressed as percent-
ages of controls (see figure 4 legend). 
All experiments were done at least in triplicate. Protein determination was 
done using the method of Peterson (19). 
RESULTS 
Figure 1 shows the effect of UV A exposure on EGF binding, mea-
sured at 4 · C, in MRC5 human fibroblasts (Fig la) and in NCTC 
2544 human keratinocytes (Fig 1b). A dose-dependent decrease in 
EGF binding was observed in both cell types, with an approximately 
70-75% reduction at the maximal UVA dose studied (18.9 J/cm2). 
The shape of the curves indicates, however, that, at low irradiation 
doses (6 to 12 J/cm2), EGF binding was more affected in fibroblasts 
than in keratinocytes (70% reduction in fibroblasts versus a 45-
50% reduction in keratinocytes for a UVA dose of 12.6 J/cm2). 
In an attempt to investigate the nature of the inhibitory effect of 
UVA exposure upon EGF binding, competition experiments were 
carried out to determine the Kd and Bmax values in irradiated and 
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Figure 1. Effect of UVA radiation on EGF binding to MRC5 human 
fibroblasts (a) and NCTC 2544 human keratinocytes (b). Cells were irra-
diated with UVA doses up to 18.9 J/cm2 in Hanks' medium devoid of any 
additive and left 1 hat 37"C in the dark. EGF binding was then measured at 
4·C as specified in Materials and Methods. Results, calculated in fmol/mg of 
cell protein. are expressed as percentages of controls (unirradiated cells, time 
o of the experiments). 100% = 25 ± 4 and 36 ± 6 fmol 12SI_EGF bound/ 
mg cell protein for MRC5 fibroblasts and NCTC 2544 keratinocytes, re-
spectively. Closed symbols, sham-irradiated cells; open symbols, UV A-treated 
cells. Means of four experiments in duplicate ± SD. 
unirradiated cells. The computer-calculated parameters obtained by 
the Ligand program [15] are shown in Table I. It can be observed 
that in both cell types UV A radiation induced a 2 - 3-times increase 
in the Kd value, whereas Bmax was only slightly affected. Thus 
UV A irradiation seems mainly to reduce the affinity of the receptors 
for the growth factor. 
Pulse-chase experiments were also performed to follow the ki-
netics of EGF internalization and degradation in unirradiated or 
irradiated cells. Results presented in Fig 2 indicate that in unirra-
diated cells, EGF was rapidly internalized, albeit at significantly 
different rates, by the two cell types. A peak of intracellular radioac-
tivity (corresponding to the amount of internalized growth factor) 
was found at 20-30 min after cell washing in MRC5 fibroblasts 
(Fig 2a), whereas EGF processing was faster in keratinocytes, result-
ing in a maximal amount of internalized growth factor at 10 -
15 min (Fig 2b). Following this first phase, a progressive decline in 
cell-associated radioactivity occurred. This corresponded to the ap-
I?earance of labeled degradation products in the incubation medium 
(Fig 2c,d). Results in Fig 2a,b also show that, when measured at its 
maximum (20-30 min in fibroblasts, and 10-15 min in keratino-
cytes), the amount of internalized EGF was about three- and two-
Table I. Effect of UVA Radiation on the Dissociation Constant 
(Kd) and on the Maximal Binding Capacity (Bmax) of MRC5 
Human Fibroblasts and NCTC 2544 Human Keratinocytes· 
MRC5 
NCTC2544 
NI 
0.27 X 10- 9 
0.1 X 10- 9 
Kd(M) 
0.6 X 10-9 
0.29 X 10-9 
Bmax 
(fmol/mg 
cell protein) 
NI 
62 
63 
55 
53 
• After UVA irradiation (18.9 J/cm2). cells were washed twice and incubated for 2 h 
at 4·C with O.IIlCi/ml 125I-labeled EGF in the presence of increasing concentrations 
(up to 10- 7 M) of unlabeled EGF. The experimental values from a typical experiment 
(triplicates) were treated using the Ligand program described by Munson and Rodbard 
[lsJ. NI. sham-irradiated controls; I. UVA-treated cells. Means of three experiments in 
duplicate ± SD. 
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Figure 2. Effect of UVA radiation on EGF internalization (a and b) and 
degradation (c and d) studied by pulse-chase experiments. After irradiation 
with a UVA dose of 18.9 J/cmz, cells were incubated for 2 h at 4°C with 
1zsI-labeled EGF (pulse), then washed three times, shifted to medium devoid 
ofEGF, and incubated at 37 °C for various times, up to 240 min (chase). The 
cell-associated radioactivity (EGF internalized) and the radioactivity re-
leased in the incubation medium (EGF degraded) were measured as a func-
tion of the incubation time at 37°C. Results are expressed as fmol 1zsI-EGF 
internalized or degraded/mg of cell protein. Closed symbols, sham-irradiated 
cells; open symbols, UV A-treated cells. Means of three experiments in 
duplicate ± SD. 
fold reduced following UV A exposure in fibroblasts and keratino-
cytes, respectively. Moreover, Fig 2 indicates that UVA treatment 
resulted in a marked reduction in the relative rate of decrease of 
intracellular EGF. Expressed as percentages of the values measured 
in sham-irradiated cells, the rate of decrease was reduced by about 
70% and 50% in MRC5 fibroblasts and in NCTC 2544 keratino-
cytes, respectively (Table II) . This reduction in the rate of decrease 
of internalized EGF correlates well with the inhibition of EGF 
degradation observed in UVA-treated cells (Fig 2c,d). 
As UV A ex~osure has been shown to induce lipid peroxidation in 
fibroblasts [10J and keratinocytes [11], we examined the effect of 
two antioxidants, vitamin E and vitamin C, on the appearance of 
lipid-peroxidation products (TBARS) and EGF degradation in 
UV A-treated cells. Figure 3a shows that under our experimental 
conditions, vitamin E and vitamin C together reduced by about 85% 
the appearance ofTBARS under irradiation. Figure 3b demonstrates 
that the vitamin E/vitamin C pretreatment of cells resulted only in a 
partial protection against the UVA-induced decrease in EGF degra-
dation. However, under similar conditions, it must be noted that the 
protective action of antioxidants against a UV A-induced decrease in 
EGF degradation was much less marked than the protection against 
TBARS formation. 
The binding ofEGF to its receptor has been reported to result in 
activation of phospholipase C [20-22) leading to the formation of 
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Table II. Effect of UV A Radiation on the Decrease in Cell-
Associated Radioactivity in MRC5 Human Fibroblasts and 
NCTC 2544 Human Keratinocytes' 
Rate of Decrease Percentage 
(fmol/min) (%) 
NCTC 2S44 keratinocytes 
Sham-irradiated 0.16 ± 0.02 100 
Irradiated 0.08 ± 0.01 SO 
MRCS fibroblasts 
Sham-irradiated 0.11 ± 0.01 100 
Irradiated 0.033 ± O.OOS 30 
• The rate of decrease in cell-associated radioactivity corresponding to undegraded 
125I-EGF has been calculated from the time corresponding to the peak of cell-associated 
radioactivity (10-15 min in keratinocytes, and 20-30 min in MRC5 fibroblasts) to the 
end of the chase-period (240 min) . Results arc expressed in fmol/min/mg cell protein. 
Means of three experiments in duplicate ± SD. 
diacylglycerol (DAG), a natural activator of protein kinase C [23]. 
We thus examined the effect ofEGF and/or UVA on DAG forma_ 
tion in human fibroblasts and NCTC 2544 keratinocytes. Figure 4 
shows that a 10-min treatment of cells with 2 X 10-8 M EGF re-
sulted in an increase in radioactive DAG in both cell types (about 
+ 45% in fibroblasts and + 25 - 35% in keratinocytes). In cells 
treated with a UVA dose of 18.9 J/cm2 , the EGF-induced increase 
in DAG production was abolished. Moreover, Fig 4 indicates that 
UVA alone did not significantly affect the content oflabeled DAG, 
in fibroblasts and in keratinocytes. 
DISCUSSION 
In the present work, we describe the effect of UV A exposure on 
EGF metabolism in the two main cell types represented in skin, 
keratinocytes (which represent about 95% of the epidermal cells), 
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Figure 3. Effect of antioxidants (vitamin E and vitamin C) on UVA-
induced appearance oflipid peroxidation products (TBARS) (a) and decrease 
in 125I_EGF degradation (b) . Cells were preincubated for 24 h with S X 10-5 
M vitamin E and 10- 3 M vitamin C, washed three times, and irradiated with 
a UVA dose of 18.9 J/cm2. After a further I-h incubation at 37°C in the 
dark, the TBARS fonnation and EGF degradation were measured as de-
scribed in Materials and Methods. Results are expressed, for TBARS, in nmol 
malondialdehyde equivalent/mg of cell protein, and for EGF degradation as 
percentage of controls (unirradiated cells, time 0) . 100% = 76 ± 11 and 
110 ± 23 fmol 12SI_EGF degraded/mg of cell protein for NCTC 2S44 
keratinocytes and MRCS fibroblasts, respectively. Means of three experi-
ments in duplicate ± SD. 
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Figure 4. Effect of UVA radiation on EGF-induced production of diacyl-
glycerol in MRC5 human fibroblasts and NCTC 2544 human keratino-
cytes. After irradiation with a UVA dose of 18.9 J/cm2, followed by a 1-h 
incubation at 37°C in the dark, cells were labeled with tritiated arachidonic 
acid (1 JiCi/ml) during 2 h. EGF (10 ng/ml) was then added for 10 min at 
37"C. Cells were then washed, harvested with rubber policemen, and soru-
cated on ice. DAG production was measured after thin-layer chromatogra-
phy of cellular lipids as described in Materials alld Metllods. 100% = 77 ± 15 
and 66 ± 17 dpm/Jig of cell protein for MRC5fibrobiasts and NCTC 2544 
keratinocytes, respectively. Means of three experiments in duplicate ± SD. 
and fibroblasts (which are the most abundant cells in the dermis). It 
is noteworthy that, due to the great depth of penetration ofUVA in 
the skin (more than 1 mm [24]), this radiation can affect not only 
the keratinocytes, but also the fibroblasts located in the superficial 
dermis (papillary dermis). Thus, both cell types are potential targets 
ofUV A radiation. It is also of note that only the keratinocytes of the 
basal layer of epidermis are able to divide [25] and thus playa major 
role in the renewal of superficial skin layers. From this point of 
view, dividing keratinocytes such as NCTC 2544 cells may be 
considered as a good experimental model for the study of the effects 
of UV A on the basal layer of epidermis. 
Several conclusions can be drawn from this work. First, UV A 
exposure induces a dose-dependent decrease in EGF binding, inter-
nalization, and degradation in both cell types. A significant effect is 
already observed at irradiation doses as low as 12 J/cm2 for EGF 
binding, and 6 J/cm2 for EGF degradation. As we previously 
showed for low-density lipoprotein catabolism in human fibroblasts 
exposed to UVA [12], the degradation of the ligand is very sensitive 
to low doses of radiations. This suggests that, in addition to the 
impairment of the cellular binding, intracellular steps such as the 
traffic of endocytotic vesicles and/or the lysosomal function are also 
depressed following UV A exposure. 
It must also be stressed that UVA differently affects LDL and EGF 
metabolism. Indeed, in previous studies [12], we showed that ifLDL 
internalization and degradation by human fibroblasts were inhib-
ited following UVA exposure, LDL binding, measured at 4°C, was 
not significantly affected. In contrast, it appears in the present study 
that EGF binding, measured at 4°C, was strongly reduced under 
UV A exposure. It is of note that Matsui and DeLeo previously 
reported a strong reduction in EGF binding following UV A expo-
sure [9]. However, these studies were concerned with murine fibro-
blasts, and EGF binding had not been measured at 4°C but at 37°C. 
Considering the rapid and complexly regulated processing ofEGF 
at 37°C, measurements performed at this temperature only give an 
overall view of the effect of UV A and do not allow for a more 
precise delineation of the mechanism(s) of the radiation-induced 
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decrease in the cellular metabolism of the growth factor. From the 
present work it appears that the reduction in EGF binding is related 
to a marked (two- to threefold) increase in the apparent Kd of the 
EGF receptors for the growth factor (Table I). 
Second, the reduction in EGF processing under UV A exposure 
cannot be entirely ascribed to lipid peroxidation. A partial protective 
effect of antioxidants (vitamin E and vitamin C) was noted in both 
cell types, but we never observed a total reversion of the UV A-
induced alterations of EGF catabolism in antioxidant-treated cells. 
In contrast, under the same experimental conditions, the antioxi-
dants almos~ totally prevente~ the appearance oflipid peroxidation 
products (FIg 3). In all experIments, the effect of the antioxidants 
was more marked in fibroblasts than in keratinocytes. This is of note 
because it has been previously shown by Tyrrell and Keyses [26] that 
the antioxidant defences of fibroblasts are less effective than those of 
keratinocytes, which suggests that in our experimental models, and 
especially ill fibroblasts, lipid peroxidatioll might playa role in the 
UVA-induced damage to EGF processing. However, this putative 
role appears to be limited, because high doses (5 X 10-5 M) of the 
lipid peroxidation chain breaker vitamin E failed to totally prevent a 
UV A-induced decrease in EGF processing. 
It .i~ now reco.gnized that UVA radiation, via endogenous photo-
sensltlzers [flavms, NAD(P)H and enzymes with a tetrapyrrole 
prosthetic g~oup], may generate singlet ~xygen by type II reactions 
[27]. The smglet oxygen formed can mduce lipid peroxidation 
[28,29], but it must be emphasized that direct alterations of proteins 
by active oxygen species are also possible [27,28]. Thus the UVA-
induced reduction in EGF processing could also be related to alter-
ations in membrane- or cytoskeleton-associated proteins following 
cell photosensitization. Such alterations in the cytoskeleton pro-
teins have been recently shown by Zamanski and Chou in mouse 
cells exposed to UV A or UVB [30]. In support of this hypothesis, 
the studies of te Pas e/ af [31] and van Bergen en Henegouwen e/ af 
[32] demonstrated the association ofEGF receptors to the cytoskel-
eton. Thus UVA-induced alterations in the cytoskeleton could ex-
plain the impairment of EGF endocytosis observed in our experi-
mental model. The reduction inEGF binding under UVA exposure, 
measured at 4 ° C, might be due either to a direct alteration of the 
receptor protein, or to a change in the state of phosphorylation of 
the receptor, because it has been shown that the affinity of the EGF 
receptor for the growth factor can be modulated by protein kinase C 
(34]. In.deed, protein kinase C activation by UVA has been reported 
111 m~r1l1e fibroblasts [9]. However, further studies are required to 
establIsh the actual mechanism of the decrease in EGF binding in 
UV A-exposed cells. 
Third, a short (10-min) incubation with EGF induces the forma-
tion of DAG, the natu.ral activator of protein kinase C in both 
fibroblasts and keratinocytes (Fig 4). This is in agreement with 
previous work showing that the binding ofEGF to its receptor leads 
to phosphorylation and activation of phospholipase C [20-22]. In 
our experimental model, the EGF-induced increase in DAG forma-
tion, suggesting the activation of phospholipase C, is almost com-
pletely p!'evented by exposure to UVA (18.9 J/cm2). One possible 
explanatlon of this effect might be related to the strong decrease in 
EGF binding and cellular processing in UVA-treated cells. 
In the present work, we were not able to demonstrate any clear 
effect of UVA alone (in the absence of EGF) on DAG formation. 
Thus, the question of the occurrence of an actual activation of 
phospholipase C under UV A irradiation must be discussed. Hanson 
and Deleo previously showed that irradiation by UV A at doses 
above 10 J/cm2 resulted in a significant release of phosphorylcho-
line by [3H]-choline- prelabeled HEK cells [8]. In these experi-
ments, the evoked phospholipase C activity only concerned choline 
phospholipids. However, it is now admitted that the main phos-
pholipids involved in the rapid regulation of protein kinase C activ-
ity are phosphatidylinositols [23], although recent work pointed at a 
possible role of phosphatidylcholine breakdown in signal transduc-
tion [34,35] . More recently, Punnonen and Yuspa directly demon-
strated the appearance of DAG in Balb/c mouse keratinocytes ex-
posed to UV light, but these authors only examined the effect of 
UVB radiation [36]. It must be noted that in this case the DAG 
196 DJAVAHERI-MERGNY ET AL 
cellular content was significantly increased only 24 h after exposure 
to UV Light [361, which is difficult to realistically link to a fast 
regulatory process such as the sequence of phospholipase C activa-
tion, DAG formation, and protein kinase C activation. Finally, the 
putative relationship between the DAG production and the UV A-
induced increase in PKC activity is not supported by the fact that 
UV A exposure results in a global increase in the enzyme activity 
without translocation from cytosol to membranes [9}. Our results 
also suggest that the UV A-induced activation of protein kinase C 
previously reported is probably not mediated by an increase in DAG 
intracellular content. This hypothesis is also strengthened by the 
recent work of Peak et ai, which demonstrated that natural solar 
radiation (whole spectrum) induces an increase of mRNA specific 
for the protein kinase C [37]. 
Regardless of the molecular mechanisms, which have yet to be 
established, the present work demonstrates that UV A exposure in-
duces marked alterations in the epidermal growth factor endocyto-
tic pathway in human cells and that these effects depend upon the 
cell type. Moreover, UVA radiation suppresses the EGF-induced 
formation of DAG. These findings suggest that exposure of skin 
cells to UV A could result in perturbations of the interaction and 
processing of growth factors, and to alterations of signal transduc-
tion that could be involved in the photodegenerative processes of 
the skin. 
M. Djavaheri-MergllY gratefully acknowledges the MRT for a grail/. We wish to 
thallk Dr. Peter KillgJor readitlg the /HOIlUscript. 
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